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The inveniiott relates to W«Uy dense tra^^ 
structures IhW for ai^totiom ^ e.g. in the 1^ 
to be obtained aroi steMised for at ten5«a^ 
lelaM to an electric lan^ htnittg a <Eacharge 

Sintewd traiMtpatont ataxaina cereuni^ 
liwmwdynamicatty ataW© corundumifliase (^^ 
decades. ItedMonfllty, ijjey aiepr^^ 

«w pwdeis and obiato a sintering dei^ 

1 600-C. AS a lesult, 1b» mam nncrostructmes are coarse iwiiii oystal siajas typically > 
15pm. As a conaeqcuenoe of tids coatse mioDStn^^ 
ooii9«me«a only tmidttcency bnt no tians^^ 
lelaiiva low bending sfzengdi, usually less tiban SOOMPa. 

■ftanspaienjgr of a ceramic component is here^ 
zeal in-line transmission RIT of at least 30%» wfaetdn fl>e teal inrline transmission JUT is 
weasnted over an angular aperture of at most 05* at 
inonocbromatlc ivave lengfii of light X. 

la liteiatni it is coimnon practise for optical properti^ 
teammission CtFID and in-line transmission QT), fte latter measured vn^h commetciaUy 
available spectrometeis. As tliese have angular ^)ettares of several degrees the so measured 
n- indndes a large amouw of forv,^ scatteted li^ As a conseq^ 
samples, both TFT and n-vffl always result in values much high^ 
li^samesan^ItisnotpossiTrfetoestebUdianyquami^ 

however possible to con^are values of real io^line transmission wMch have been taken at 
samples wi& a thidmess. -vsWdi dififescs fiomthe 0.W 

thidmessdl and RIT value Tl andasecondsamptohavingat^ 
1^ KIT satisfies the lelation 
T2 ♦ fri /a-R)]«»2^" 
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vritfliRflis coeffiofent of sutfece leftectiion wHdiis fi»? alwnina 0.14 (incorporating the 
reflection Ott both smfices). Di»to teflecftim losses atransmiasionvalne^ either RTT, TFT or 

If cannot exceed avalue of S6%. 

The irwentotshavB estabUshedihstfiw a ceiaiaio sample having a very small 
5 poroslly as wen as small poies. at least smaller than 0.01% respectively <10Qttm the real in- 
toetransmiasionm is cotfelatedto the samples strootiir^ 
above stalfid de&dtioiL the obtained RIT MlS &e ejqsession , 

R the coefficient of surfece reflection (fcr AlaO, 0.14), d liie saa^le fhictoess. G the 
10 averageaystalsi2e.Anthseffi«:dvebirefii«genoerf^ 

weighted average of ihe reftactive index differences between ea^ 
andJ^tbe^vavidengaofttiemonodirQmaticimddeiJtfi^hivacn^ 
percentages andlarger pore si«3,ti^measu,«dRirresuta in sig^ 

pisdicted by the above expression. 
15 Itiws been proposed to obtaiatianshJoeatanleredptoductev(Aflifineciy^ 

sizes of 2-5 urn by ^plying a slip castmg ^preach in oomWnation vdlh pressoreless pre- 
rfirtering and hot-isoslatic post^densifioalion (HIP). No BIT to measoied on a t»st sanq;ile 
butihe maximnmrr v^ 46«/« (at Immsan^lelMckness, visibleto toftated light -no vrave- 

lengQi given) observed at an average crystal siae of 5mn. 
2Q only sli^imiffovemfints™5 observed i)!*en.fhBcry^ 

tovmds the siib-miorometer range. Dense san^les produced vwith an «reiage crystal 8i2» of 
0.82Mmby ij^ection moulding, pre-stoteringandHIP wetepoitedto have anrr(at SOOmn 
wove lengUi) of 78% recorded at a sample thickness of 0.5mm ihidcnBas. 

The parity of the alumina in these oases was reported to be 99.99%. The 
25 meulioned HIP process was done at atemperatae of aboirt 1250 to lliOfC givingrisetc an 
additional difficulty, however, wiien the occamios ace intended forase in a diadiarge lamp, a 
disdiarge tube of sudh discharge lamp is operated at ifimpemtqres tanging fiom 1 100 to 
1300°C. Any technical use of these sintered prodocta attempeuatutea similariyhi^or even 
higher than the Map temperatures vriUnnavoldridy coarsen 11^ 
30 microstruotures. Whereas several additives like for instance MgO and ZrOa have been 

reported to retard crystal growth hi annealmg alumina ceramics, the precise effects axe often 
imdear. 
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•A^wotdingto EP 1053983 related to tcansluoeat polyctyataUine oefamios with 
mean fecet leogflm no longer than a Tnaximnm vwyo length X of tixe li^ (which far X ° 
eOOnm e.g. mea&s a oiystal sise of about 0.6|m since the :^et leogOi is about half of flie 
average aystal size), an additive of only 0.05attol-% ZKh as a shtfer dopant hi transparent 
5 smteiedahimmaoennnlca has a degenetathig effort 

8lteng£h and the hardness compaied with samples -without ZrQ^. For O-Smm thin discs and 5l< 
SOOnm, tiie -valne measuzed fiw what is caUed Imear ttansndssion, which to «ds case can be 
oompaied to the real in-line transmission RIT, decrees to 25% aompmed with 40% 
measured Ibrazircaniafteejniotosinjcture with MgO dopant (0.1 bio1-%). ARTTvalueof 
10 25% fi>r a flddaiess d of 0.5nim cotxesponds according to the relation (I) to a value of 12% 
fi» thickness d«0.8xQm. For the aacooniafiee ndcrostiuotine the conesp(»iding value fbr a 
HiiGjaiess d«0.8nm is 25%. 

A tEan$S>ai«nt AlbQ? coanponentwith avahw for the RIT measured over an 
angular q>erture of at most 0.5® at a sample thickness of O.Snini and wilh a monochiomatio 
15 wave lengfli of ligbt ». of at least 30% havmg an acceptable strength is therefore unknown. 
That is a problem. N«lher is known a lamp discharge vessel of ttan^aient polycaystallinB 
alnmina, of vAidx the snuOl crystal strocture is retained over a long period of time of lamp 
operation drcumstanoes. That is also aproWem. It is therefore the objective of the present 
invention to dissolve ft^ problems and to provide a cconponenli which ovmsomes flie 
20 previously mentioned lindtatioins. 

The present hivention provides a poly«y stalline alumhia component with an 
additive which is characterised ux that the alumina has an average crystal size ^ixm^ and has 
a reJafive density higher than 99.95% with a real in-line transmission KIT £30%, 
preferentially > 40% and mm® prefsrentiaUy > 50%, measured over an angular aperture of at 
25 most 03° at a sample thickness of 0.8mm and with a single wave length of light X , preferably 
of £45nm, and tl^ the additive comprises at least one of the substances of the gtoi^) 
consisting of MgO^YaOj, EraOs and La203. 

The result that a value of HIT > 30% is obtained and a fine ciystal size < 2m 
or, preferentially < Ijxm is stabilised for longer periods yivbea used at temperatures of SOO^C 
50 or more on high tenqjeratare annealing, is surprishig and clearly is in disagreement with the 
pieivious state of the art It is enabled here by the combmation of very smaU caystal sizes with 
an ejthemely high relative density > 99.9S%» implying a very small residual poiosity. 

Prefeably an alumiim component according to the invention is made 
accarding to the process described hereafter. An aqueous sluwy with a solid loading of 
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41 was piepared at pH » 9 &om IM-DAR oonmdtrm powdar [a^ere^e pardcle size 
0.2^ make Boebrmger Xo^elh^ Ghiemicalfly Japan] vviihout any fuitheir additives, A hi^ 
degree of diaperslon \m obtained after at least 1 day of ultca sound or at least batf a day of 
wet ball i^iitiTig^ usio^ milling beads that conld not give rise to conteminations otiber fiian 
5 alumina or oxydizable wear. Aid additive or dope selected fiom lixe group fomed by MgO, 
YzChf Bc^Qs and La2Q3 waa tbea introduoed by the addition of pure and finely grained oxide 
powder of the said dope. The average pardcle size of the dope or additive is preferably 
chosen smaller than Ifae alumina orystal size obtained after sintering and HIP tceatm^ 
Ahematlvely flie additive or dope can be introduced t^r aprecuisor containing one or moie of 

10 tito elements Mfc Brand ta» Reference samples without additive were prepared mfhe 
same way » esccept that no dope was added 

The thus obtained suspensions were vnthoutfhrther degassing either pressure 
cast at a pressure of 4 bars using a luGlIipore hydcophilic membnuie with an average poie 
diameter of SOnm, or slipcast on a porous mould with an average porosiQr of about 50% and 

IS an average pore size of about lOOnm. After consolidation the pellets w^ dried in air for 
about 4 hours and hereajfterfbrfher dried in a stove at atemperatuie of 80«C for 4 more than 
hours. The dried con^paots were calouoed at 60QrC fbr 2 hours in pure axygen to remove 
pollutants. Heteafier the pallets were sintered at a sinter t^poporataze CTs) ran^g fiom 
1150**C to 1350*C in either oxygen^ vacuum or humidiGed hydrogai (dew point 0^). Pellets 

20 with adensity higher than 96?4 were givoi a subsequently HIP tceatmenl at atemperature of 
1 200^0 at a prrasure of 200Mpa fbr at least 2 hours* The pellets w^ ground cm both parallel 
ddes, first with successively finer diamond grams of finaUy Span. The final thickness of the 
discs was 0.8mnL 

The real in-line tcansmission (RTI) of ^ 

25 using a red diode laser with a wavelragth X of 645xmi and a detector at a distance fi:om the 
xllioninated san^le of at least 1 meter to ensure an afiigular ^ertirce afO.S". Ateo the total 
forward iransmis^on C^FT) was measured In a number of cases Ifae absorption (ABS)^ the 
total reflection (IR) and the density after sintering (p) \ras measured. The results ate shown 
in Tablet 

30 
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For the eocamples having LaiOs as additiv© liie HDDP was perfijnned at 1 250*'C fiw 6 hours. 
iDiflnences of annealing fxeatmonts (annealing time t in hows and annealing tamperattire in 
OC3) oa crystal size stnictat© is shown in Table IL the saniple iuidicatad Reference in Table n 
is fimofid of fdnmina vd&oufe an. addMvB 
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Crystal size (ttiOEon; )Jin) 



Dope Cppm) 
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la another expedment done by simulation the longer tenn influence of 
ineteased teoipentiira on the crystal size has been investigated. The simulation is based on 
Hie model as disclosed in J. Am. Ceram. Soo. 73(1990) 11, 3292-3301. The efiFect on samples 
having a additive of dope of the selected group of ojcides is shown in Table IH. 

Table m 
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JtosuMng values JSw the KIT aflet 24 houis annealing treatments is shown in Table IV. lUe 
I v«i» done at dififareijttemperatoies as indicated in °C. 
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TaWelV 



DopeCppm) 








13Q0"C 


100 Y2O3 








38 


1000 Y2O3 


OD 






61 




57 


54 




42 


SOOMgO + SOEftOa 


56 


51 




33 


La203 


4€ 


3d 




28 


1000 MgO 


46 


33 






133 MgO 


44 


35 






Reference 


45 




19 





The sampla indicated as Iteference ia Table IV is fbrojed of altonina wiQiottt 
an additive or dope. 

5 Rcamples of discljatge Ifonps having a discharge tube made of atamina 

according to Ihe invention are described with leferenca to a drawing. The drawing shovvs a 
lamp 10 with discharge tube 1 having a ceramic wall 2 of transparent ceramic according to 
the mvention. The lamp is provided wifti a parfly hrokan away outer bulb 1 1. The discharge 
tMbe of the lamp is provided with electrodes 60, 70, which are connected by a known m the 

10 art leadtbroagh constructions 6, 7 to current conductors 13, 14. The oiiirent conductors are 
connected on conventional way with dedrio contacts of a lamp base 12. In a first example 
ih© discharge tpbe was made by sUp casting of a slurry prepared according to the process as 
described, wllh 200ppm LaaOj. The thus formed lanthanum containing shaped body was 
suxtered at a ^nfer temperatme of 1350*C during 2 hours, after which it was given an HIP 

15 tieataiont for 24 hours at a tanperature of 1250°C. 

In a second example the disesharge tube was made by slip castmg of a sluny 
ptepaied accordmg to the process as described, with 300ppm MgO. The Hesas formed 
magnesium contauiiiig *aped body was sintered at a sinter tenocperature of 1220^C during 2 
hours, after which it was given an HIP treatment for 24 hours at a temperature of 11 50**C. 

20 The thus formed disrfiarge tubes each have a ceramic wall with a average 

crystal size of 0^5 to 0.7fim, In both examples of discharge tubes the ceramic wall material 
^wed a value for the RTT of at least 60%. 
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CLAIMS: 



1' Polyciystalliiie alii mfafl , ft omp onent with an addjtive ehfuacterised in Oat the 

ah miina ha s an average crystal size < 2i;un, and has aretetive ctensi^ Mghar Ihaa 99.95% 
viiiih a real in-line ixanaoxUdon lOT > 
at a san9letbi<daMss of 0.8imn and ^viOi a single "Wave kng& 
5 comprises at least (mdofllie»d}Stanc»sofl3i0groi]p consist^ 

2. FolycsystallineahnDinacoa^oaea^ 

in. that 

ihs additive ia present in an amonnt of fit least 1 Oppm. 

10 

3. PolyinTstallinealniniAaoonvDnCTtacoonlingto 

HatHnB addidveis VaOsinaqiiiaafity of atleast SOppmand atmost lOOOppm. 

4. PotyetystaUj^almninacoiiy)onei]tao(K)rd^ 
15 Ibat^ad^tivBCQntainsB^iaaqnazdityafatl^ 

5. Polycxystamnealinidnacoaqjonevxt according to olai^ 

that the additive is L%05 inaquandly of atleast lOOppm and atmost 5000ppm. 

20 6. Pob'^TStalline alumina conj^iQaaotac^ 

&Btthe addith^ is MgO in a quantily of at least lOOppm and atmost lOOOppm. 

7. Dischaxgelainpdtiacacliedzedintbat^l^ 

tube having a vvaU of oeiamic as daimed in any of ibe preceding dainffi. 



25 



S. LaniQ) according to diaim 6 diaractedbed in that Ifaedi 

iouisaibile filling ocmtalning ametal halide. 
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9. Mefhcd to fotm apolyctystallino atomka component as daimed in one of Hie 

preceding daixoa (diaraotetised in that the pxocoss includes the steps of 
-> preparing a stuny of corundum power -vAih a mean grain size < 0^|jm, 

- addition of a dopanl; selected fiK>m a group formed by precursors codot^ning one or more of 
5 th© elements Mg. Y, Er and La and oxides of the set MgO, Y2Q3, Bt%Ch «d La^Oa. 

- casting the sluny inanaoixld, 

- drying and sint^g of liie Hm form shaped body> and 

- performing a HIP treatment at a tenqperaturo of at least IISO^C fiff at least 2 hours. 



10 10. MeOiod according to <daim 6, 7 or 8 wheimlfae prepay 

addition of &e dopant is slip ca$t in amould. 
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ABSTRACT: 



The invention relates to hi^y dense transparent alioiimnm cndd© (alumina) 
and stractnres thereof for applications where. e.g. in the Ughtiag industey, a fine orystal ^ 
has to be obtainBd and stalaKsed for use at temperatures of 800«C or nwae. The inwentton is 
also related to an ekctrio Imp having a discharge tube wilii ft will of sudi ceramia 

5 The alumina aawiding to the invention is provided lArt^ 

average crystal size <2jmi, andhas aielative density higher Urn 99.95% vftth a leal in-line 
tcansmiBsiott RTT > 30%, piefetentiaUy > 40% and more preferentially > 50%, measured over 
anangaIarapertweofatmost0.5''atasjmplelMcto8Ssof0.8inmandwi&a8in^^ 
tengtJxof UghtK , preferably of 645nm, andlhat the additivo comprises at least one of me 

10 substances ofthe group consisting ofl^O,Ya03,Bia03 and LaiiOj. 
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